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Class A evaporation-pan observations and évapo­
transpiration data generated from a soil-moisture pro­
gram for com have been summarized.
Evaporation-pan data provide an estimate of the 
atmospheric potential for evaporation. These data show 
that the peak rate occurs in early July, averaging from 
near 0.26 inch per day in east-central Iowa to 0.29 inch 
per day in southwestern Iowa. A gradient in the 
evaporation rate is consistently present across the state 
throughout the growing season, with higher rates in 
western Iowa.
The actual évapotranspiration from a com crop 
shows only a small gradient across the state through­
out the growing season, and for the period April 19-Oct. 
31, the total ranges from 19.7 inches in northwestern 
Iowa to 21.6 inches in southeastern Iowa. Although the 
atmospheric demand for évapotranspiration is greater 
in western Iowa, less available water in that part of the 
state results in slightly lower use.
On the basis of one station per crop-reporting dis­
trict, the average precipitation from April 15-Oct. 31 is 
23.9 inches. Actual évapotranspiration averages 21.2 
inches. Percolation through the 5-foot profile averages 
2.2 inches, and runoff for the selected soil-moisture 
sites averages 2.3 inches, giving a total loss of 25.7 
inches.
The Experim ent S tation conducts its program s w ithout 
discrimination as to race, color, sex, or national origin.
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Evaporation Climatology of Iowa1
R. H. Shaw2
An evaluation of the water balance of Iowa requires 
that values for input, output, and storage be available. 
The input source is precipitation. Values of this factor 
have been reported by several researchers (Shaw and 
Barger, 1956; Shaw, Barger, and Dale, 1960; and Shaw 
and Waite, 1964) and are well understood. The storage 
factor (i.e., soil moisture) was summarized by Dale and 
Shaw (1965), and a state analysis of available data 
through 1970 was presented by Shaw et al. (1972). 
Additional data have been collected each year since 
1970.
The output factors—évapotranspiration, percola­
tion, and runoff—are not as well understood. Shaw and 
Yao (1958) presented information on evaporation from 
a farm pond. Dale and Shaw (1965) presented informa­
tion on pan evaporation near Ames, and additional 
information for selected Iowa stations was presented by 
Dale (1968). A seasonal summarization of pan evapora­
tion for the United States has been prepared by the 
United States D epartm ent of Commerce (1968). 
Evapotranspiration data have seldom been measured 
in Iowa and have not been measured on a regular basis 
in the United States. Evapotranspiration data have 
been recorded in experiments. Shaw (1977) summa­
rized information available from four states in develop­
ing a seasonal water-use pattern for com. These values 
are primarily évapotranspiration, but may include 
small amounts of runoff and percolation. Only periods 
of good availability of water were used. The average 
water use for com was 0.06-0.07 inch per day near 
planting time and increased to a maximum at the 
period of tasseling to early kernel formation. The max­
imum varied considerably, probably reflecting dif­
ferent atmospheric demand conditions during the ex­
periments. Data from western Minnesota (Holt and van 
Doren, 1961) and Iowa (Shaw, unpublished data) 
showed maximum values averaging near 0.22 inch per 
day. Data from western Tennessee (Parks and Smith, 
undated) showed values near 0.30 inch per day, and 
data from Washington state (Middleton et al., 1967) 
showed values up to 0.32 inch per day. North Carolina 
data (van Bavel and Harris, 1962) show maximum 
rates up to 0.36 inch per day. After the maximum rate 
has been reached, water use gradually decreases as the 
season progresses, reaching a value near 0.05 inch per 
day at maturity of the crop.
1Project 2397 of the Iowa Agriculture and Home Economics Ex­
periment Station, Iowa State Univ., Ames, IA, 50011, a contributing 
project to North Central Regional Research Project NC-94, "Climatic 
Resources of the North Central Region.”
2Curtiss Distinguished Professor of Agricultural Climatology, 
Agronomy Dept., Iowa State University, Ames, IA, 50011.
Water also may be lost by runoff or by percolation to 
deeper depths. Surface runoff has been measured from 
a number of experimental plot studies and small water­
shed studies. Runoff losses vary widely with the season 
and are particularly affected by the amount and char­
acter of rainfall. Browning et al. (1948) found annual 
runoff from a deep loess soil of 9% slope to be 18.9% of 
the annual precipitation for continuous com and 12.6% 
for rotation corn. Percolation losses generally have 
been smaller and have ranged from 5 to 13% of pre­
cipitation. On the basis of streamflow measurements, 
Galligan (1950) estimated annual runoff and percola­
tion in Iowa to be 5.2 inches, or 17% of the annual 
precipitation. Tile-flow data, which would provide good 
estimates of percolation losses, are rare (Harmon and 
Duncan, 1978).
This publication expands the information available 
at the few stations where Class A evaporation-pan data 
are recorded and presents information on the potential 
and actual évapotranspiration for com in Iowa. These 
évapotranspiration data are outputs from a soil- 
moisture program. Runoff and percolation values 
generated by the soil-moisture program are given also.
Procedures
Class A evaporation-pan data are available from 
only a few stations in Iowa and from adjacent areas in 
nearby states. Evaporation is recorded as a 24-hour 
total, but stations vary as to the time observations are 
taken. Water loss from a cropped area is primarily a 
daytime process. Pan evaporation is a 24-hour process, 
so the time of observation is important. Nighttime 
evaporation reflects both the normal potential for 
evaporation from a water surface into air of less than 
100% relative humidity, plus any carryover effect of 
energy stored in the pan from the previous days’ solar 
radiation. Some stations take the observation near 7 
a.m. This observation includes the evaporation from 
the previous day and night before the observation. 
Observations taken near 5 p.m. include the previous 
night’s and the current day’s evaporation. Observa­
tions taken at midnight include the calendar day’s tot­
al. Because each observation period covers a different 
time period, it may represent different meteorological 
conditions and give different values of evaporation.
Daily maps of evaporation originally were plotted 
by using observations from all stations, regardless of 
the time of observation. It was evident that reasonable 
daily isoline maps could not be drawn from these data. 
On many days, because of a weather change, the sta­
tions with a.m. and p.m. observations had strikingly 
different values. Because most Iowa stations use the
5
p.m. observation time, only stations with that observa­
tion time were used in the final analysis, with the 
exceptions of Omaha, Nebraska, Sioux Falls, South 
Dakota, and Springfield, Illinois, which record at mid­
night. These three stations were used as a guide in 
drawing the isoline maps only when the patterns were 
difficult to interpret in their areas.
With the network of stations so sparse, it is very 
difficult to determine the representativeness of the data 
for individual stations. The location of the station can 
affect the evaporation rate because the evaporation pan 
is wind sensitive. A comparison of data obtained from 
the Agronomy-Agricultural Engineering Research 
Center, where the exposure is very open, and data from 
the Hinds Research Center, north of Ames, where the 
exposure is in a river valley and obstructed by nearby 
trees, showed a higher rate of evaporation from the 
open-exposure area (Stanley, 1975). When the Ames 
station was moved from the old Agronomy Farm 3 
miles southwest of Ames to the new site 8 miles west of 
Ames in 1963, comparisons were made of the wind 
movement at the two locations for one year. Wind 
movement was consistently about 10% higher at the 
new site and could result in slightly higher evaporation 
rates. The seasonal total evaporation near Ames is high 
for its geographical location in the state. On a daily 
basis, the values are estimated to be less than 0.01 inch 
high per day, a value not observable in terms of the 
variation across the evaporation-pan network.
The Iowa stations (Figure 1) were used for the entire 
period of the study. The stations from surrounding 
states were used for any periods for which they had a 
p.m. record. A daily map was plotted by using all avail­
able data for that day, and isolines were then drawn. A 
sample map is shown in Figure 2. An estimated 
evaporation value was read from each daily map for 
each location that did not have an evaporation pan on 
site.
A soil-moisture program developed by Shaw (1963) 
was used to obtain daily estimates of potential evapo-
transpiration and the actual évapotranspiration from 
com. (See Appendix for details of this program.) A 
modification of the original program was made 
(Spencer Loveland, personal communication, Agron­
omy Department, Iowa State University, 1980) to in­
clude weekly summaries and frequency tabulations for 
pan evaporation, potential évapotranspiration (PET) of 
corn, and actual évapotranspiration (AET) of corn. 
Potential évapotranspiration, as used here, is different 
from the classic definition, which assumes a complete 
ground cover—a condition approached, but not reached 
by a com crop. In the present study, potential évapo­
transpiration is the water that will be lost from a field of 
com at any stage of development, regardless of the 
amount of ground cover, when adequate water is avail­
able to the plant roots for transpiration. The wetness of 
the soil surface is not defined, but assumed to be "aver­
age.” Values of the average daily water loss are 
summarized on a weekly basis and are presented in this 
publication. The soil-moisture stations used in these 
computations are shown in Figure 3.
Data were analyzed by weekly periods from April 
12-18 through Oct. 25-31. In many years, not all the 
evaporation stations were yet in operation for the week 
of April 12-18, so the first week presented in the 
summarized data is April 19-25. Data were analyzed 
for the period 1954-79.
Results and Discussion
State average values
In the original selection of stations for the study, 
more stations were analyzed for western Iowa because 
of steeper gradients expected in that area. In obtaining 
a state average, however, only one station per crop­
reporting district was used. The stations used were 
Sutherland, Kanawha, Elkader, Castana, Marshall­
town, Cedar Rapids, Shenandoah, Knoxville, and Don- 
nellson, and the state averages presented are the aver­
age of these nine stations.
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moisture sites used in study.
The state average daily water loss throughout the 
season (pan evaporation, potential évapotranspiration, 
and actual évapotranspiration) is shown in Figure 4. 
Pan evaporation averages around 0.17 inch per day in 
late April and increases to more than 0.27 inch per day 
by early July. The week of May 24-30 shows a definite 
drop in the rate. It cannot be determined if this is a real 
singularity in the data, or only something that "hap­
pened” during the period of record. After early July, 
there is a gradual decrease in the pan evaporation to 
the end of the season. The week of Sept. 13-19 also 
seems to be unusually low.
r*  In the soil-moisture program, potential evapotrans- 
a. \ piration is set at 0.1 inch per day early in the season 
when only evaporation from the soil surface is occur­
r in g . Starting June 7 (average year), it is set as a
percentage of the open-pan evaporation. Potential 
évapotranspiration is shown to peak at a rate near 0.21 
inch per day in mid-July.
Because the actual évapotranspiration is dependent 
upon the availability of soil moisture, actual évapo­
transpiration will be below the potential rate whenever 
any degree of limiting moisture occurs. Early in the ' 
season when only soil evaporation is being considered, 
the actual évapotranspiration averages 0.01 to 0.02 
inch per day below the potential. From early June to 
early July, the actual rate is slightly below the poten­
tial rate. Greater stress occurs by mid-July, and the 
actual rate peaks near 0.19 inch per day, about 0.02 
inch per day below the potential. This small difference 
shows that, on the average, évapotranspiration is re­
duced only a small amount by stress. Actual evapo-
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Figure 4. State av. pan evap­
o ra t io n , p o te n tia l é v a p o ­
transpiration, and actual éva­
potranspiration in inches and 
mm per day.
transpiration then decreases as the season progresses, 
reflecting the decreasing demand for water. On the 
average, some stress occurs until late September, when 
the évapotranspiration rate is very low.
Open-pan evaporation for individual stations
The total seasonal pan-evaporation values for all 
stations are shown in Table 1 and range from a low 
value of 36.6 inches (93.0 cm) at Cedar Rapids to 43.0 
inches (109.2 cm) at Shenandoah. The increasing rate 
of evaporation across the state from east to west is 
evident in Figure 5. As was pointed out earlier, the
Table 1. Total Class 
for April 19
A open-pan 
-Oct 31
evaporation
Station Inches cm
Shenandoah 43.0 109.2
Doon 42.7 108.5
LeMars 42.3 107.4
Castana 42.1 106.9
Sutherland 41.9 106.4
Ames 41.6 105.7
Denison 40.7 103.4
Beaconsfield 40.4 102.6
Kanawha 39.8 101.1
Donnellson 39.4 100.1
Marshalltown 39.2 99.6
Knoxville 38.3 97.3
Elkader 37.7 95.8
Cedar Rapids 36.6 93.0
Ames value is believed to be somewhat high for its 
geographical location, but the exact amount cannot be 
determined. The steep gradient in west-central Iowa is 
believed to reflect a real difference in the evaporation 
potential. Calculations made by the author show that a 
greater degree of moisture stress occurs at the Castana 
site than at the Denison site because of a generally 
lower soil-moisture level at Castana. This greater 
stress would result in more heat being transferred to 
the air and would create a higher evaporation-demand 
situation.
The average daily evaporation values by week for 
all stations are given in Table 2. To show the seasonal 
pattern, three stations were selected (Figure 6); Shen­
andoah and Cedar Rapids, which represent the extreme 
conditions for Iowa, and Kanawha, where the evapora­
tion was midway between the extremes. The patterns 
for the three stations are similar, starting at a moder­
ate level in April and reaching a maximum about July 
1, but with the maximum value varying considerably. 
The highest average for any station was 0.30 inch at 
Doon. Evaporation generally decreases through July 
and August to a low value in October. All three stations 
show the May 24-30 and Sept. 13-19 values to be low. 
The conversion to be used to convert open-pan evapora- ' 
tion to potential évapotranspiration (PET) is given in 
the lower center part of the figure. The ratio starts at j 
39% on June 6, then increases as the ground cover j 
increases to a maximum of 82% in late July, about the y  
time of silking. As the crop matures, the value de- j 
creases to 35% of open-pan evaporation. This rela­
tionship was developed from data collected at a large J 
number of experimental sites and is an "average” for 
Iowa conditions.
The pattern across the state is shown for 6 different 
weeks in Figures 7-12. These weeks represent the ear-
8
Figure 5. Total pan evapora­
tion for Apr. 19-Oct. 31 in in­
ches (cm in parentheses).
liest week for which data are available in April and the 
weeks that include the 15th of each month, May-Sept. 
The lowest values occur in east-central Iowa. The max­
imum value occurs in western Iowa but, in different
weeks, at different locations along the western border. 
On several of the maps shown, values for the Ames 
location seem slightly high (about 0.01 inch/day). The 
reason for this condition was discussed earlier.
Table 2. Dally averages for Class A open-pan evaporation for 13 Iowa stations. Values given are the daily 
average for each week for the period 1954-79.
S T AT I ON
Period Do on LeM. Suth. Kan. Elk. Cast. Den. Ames Marsh. C.R. Shen. Beac. Knox. Donn. Av.1
Apr 19-25 .17 .18 .17 .17 .16 .20 .18 .18 .17 .15 .19 .18 .16 .16 .17
Apr 26-May 2 .19 .19 .19 .18 .17 .19 .19 .19 .17 .17 .19 .18 .17 .18 .18
May 3-9 .23 .24 .23 .21 .20 .22 .22 .22 .21 .19 .23 .21 .21 .21 .21
May 10-16 .23 .23 .23 .22 .20 .22 .21 .23 .21 .19 .23 .21 .20 .20 .21
May 17-23 .26 .25 .26 .25 .22 .24 .25 .25 .23 .21 .25 .23 .22 .22 .23
May 24-30 .25 .24 .24 .22 .21 .23 .22 .23 .21 .19 .22 .21 .20 .21 .21
May 31-Jun 6 .26 .26 .26 .26 .24 .25 .25 .26 .24 .22 .26 .24 .24 .23 .24
Jun 7-13 .26 .26 .26 .26 .24 .25 .25 .26 .25 .23 .27 .25 .24 .25 .25
Jun 14-20 .27 .27 .26 .25 .24 .26 .26 .26 .25 .23 .27 .25 .25 .26 .25
Jun 21-27 .29 .28 .28 .27 .25 .27 .27 .28 .27 .23 .28 .26 .25 .26 .26
Jun 28-Jul 4 .30 .29 .29 .28 .26 .28 .28 .29 .27 .25 .29 .28 .27 .27 .27
Jul 5-11 .29 .29 .28 .26 .26 .28 .27 .27 .26 .25 .29 .27 .26 .27 .27
Jul 12-18 .28 .28 .28 .26 .25 .27 .27 .28 .26 .25 .29 .27 .25 .26 .26
Jul 19-25 .27 .27 .27 .26 .24 .26 .26 .26 .25 .24 .27 .25 .25 .25 .25
Jul 26-Aug 1 .26 .26 .25 .24 .23 .25 .24 .25 .24 .23 .27 .25 .24 .24 .24
Aug 2-8 .25 .25 .24 .23 .22 .24 .23 .23 .22 .21 .25 .24 .22 .22 .23
Aug 9-15 .24 .24 .24 .22 .22 .24 .23 .23 .22 .21 .24 .22 .22 .22 .23
Aug 16-22 .23 .23 .22 .21 .20 .22 .22 .21 .21 .20 .23 .22 .20 .21 .21
Aug 23-29 .23 .22 .22 .20 .20 .23 .21 .21 .20 .19 .23 .22 .20 .22 .21
Aug 30-Sep 5 .21 .21 .21 .20 .18 .21 .20 .20 .20 .18 .21 .20 .19 .19 .20
Sep 6-12 .20 .20 .20 .19 .18 .20 .19 .20 .19 .18 .21 .19 .18 .19 .19
Sep 13-19 .16 .15 .16 .15 .14 .16 .15 .15 .14 .14 .16 .15 .14 .15 .15
Sep 20-26 .16 .15 .15 .14 .13 .16 .15 .16 .15 .14 .17 .15 .14 .15 .15
Sep 27-Oct 3 .15 .15 .14 .14 .13 .15 .15 .16 .14 .13 .16 .15 .14 .14 .14
Oct 4-10 .15 .14 .14 .13 .13 .15 .14 .14 .13 .12 .15 .14 .13 .13 .14
Oct 11-17 .13 .13 .13 .12 .11 .14 .13 .13 .12 .11 .13 .13 .12 .12 .12
Oct 18-24 .11 .11 .11 .10 .10 .12 .11 .11 .10 .09 .11 .11 .10 .10 .10
Oct 25-31 .09 .09 .08 .08 .08 .10 .09 .09 .09 .08 .10 .10 .09 .09 .09
Average of 9 stations used in Figure 5
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Figure 6. Daily av. pan evap­
oration for three selected sta­
tion s and  re la tion  used to  
convert pan evaporation to  
potential évapotranspiration.
Figure 7. Av. daily pan evap­
oration for Apr. 19-25 in in­
ches per day (m m  per day in 
parentheses).
.16(4.1)
10
.23(5.8) .21(5.3)
Figure 10. Av. daily pan evap­
oration for July 12-18 in in­
ches per day (m m  per day in 
parentheses).
Values other than the mean value may be of impor­
tance in certain problems. In Table 3, the adjustments 
are given that need to be made to the average values in 
Table 2 to get the 10, 25, 75, and 90% quantiles of 
evaporation. An examination of all stations showed a 
tendency for the stations in the west to have slightly 
higher adjustments than stations in the east, but the 
differences were not consistent. Therefore, an average 
adjustment for each week was calculated for all sta­
tions. A slightly more accurate estimate might be 
obtained if the values for eastern Iowa were 0.01 inch 
lesser in absolute value in the summer months and 
those for western Iowa, 0.01 inch greater. Because the 
original stations were so widely dispersed and data 
often were variable, this added adjustment may well be 
beyond the accuracy of the original data and was not 
made.
P o ten tia l é v a p o tra n s p ira tio n  fo r in d iv id u a l s ta tio n s
No data are presented on potential évapotranspira­
tion for the individual stations. The mean values of 
open-pan data given in Table 2 can be converted to 
potential évapotranspiration by multiplying by the 
proper factor obtained from the lower conversion line 
shown in Figure 6. The values in figures 7-12 could be 
converted in the same manner.
A ctu a l é v a p o tra n s p ira tio n  fo r  in d iv id u a l s ta tio n s
The total seasonal actual-evapotranspiration 
values are listed in Table 4. The range across the state 
is relatively small, from 21.6 inches (54.9 cm) at Don- 
nellson to 19.7 inches (50.0 cm) at Doon. This compares 
to a range of 6.4 inches for evaporation-pan losses. The 
higher demand for evaporation in the west is offset by
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Table 3. Adjustments, in inches, required to convert mean daily 
pan evaporation values to selected quantiles. The 
quantiles selected were those for which the probability 
was 10, 25, 75, and 90% that the daily pan evaporation 
was equal to, or lower than, the computed value.
PERCENTAGE PROBABILITY
Period 10% 25% 75% 90%
Apr 19-25 -.11 -.07 +.05 +.11
Apr 26-May 2 -.11 -.07 + .05 +.12
May 3-9 -.14 -.08 +.06 +.13
May 10-16 -.13 -.07 +.06 +.12
May 17-23 -.15 -.08 + .07 +.12
May 24-30 -.13 -.07 + .06 +.11
May 31-Jun 6 -.13 -.06 + .05 +.10
Jun 7-13 -.15 -.07 +.06 +.12
Jun 14-20 -.12 -.06 +.05 +.10
Jun 21-27 -.12 -.06 +.05 +.10
Jun 28-Jul 4 -.13 -.06 +.06 +.11
Jul 5-11 -.11 -.06 +.04 +.10
Jul 12-18 -.12 -.08 + .05 +.11
Jul 19-25 -.12 -.06 +.05 +.10
Jul 26-Aug 1 -.11 -.06 +.05 +.11
Aug 2-8 -.11 -.06 +.05 +.09
Aug 9-15 -.10 -.06 + .04 +.08
Aug 16-22 -.10 -.06 +.06 +.09
Aug 23-29 -.11 -.06 +.05 +.06
Aug 30-Sep 5 -.11 -.06 +.05 +.09
Sep 6-12 -.10 -.06 +.04 +.09
Sep 13-19 -.10 -.06 +.04 +.10
Sep 20-26 -.09 -.05 +.04 +.08
Sep 27-0ct 3 -.09 -.05 +.05 +.08
Oct 4-10 -.09 -.06 +.04 +.10
Oct 11-17 -.08 -.05 +.03 +.08
Oct 18-24 -.08 -.05 +.03 +.07
Oct 25-31 -.08 -.05 +.03 +.07
Example: The av. daily evaporation, July 12-18 ;at Castana is 0.27
inches (Table 2). 10% of the time the evaporation will be 0.15
inch, or less (0.27-0.12); 25% of the time 0.19 inch, or■ less
(0.27-0.08); 75% of the time 0.32 inch, or less (0.27+0. 05); and
90% of the time 0.38 inch, or less (0.27+0. 11).
the greater availability of soil moisture in the east, 
resulting in the highest values of actual évapotrans­
piration occurring in the east. The small gradient of the 
total actual évapotranspiration for the season can be 
seen in Figure 13.
The daily values for each week are given in Table 5. 
The weekly values for three stations that represent the 
range of conditions across Iowa are shown in Figure 14. 
Early in the season, soil evaporation is higher in the 
east than in the west because of better availability of
Table 4. Total actual évapotranspiration 
for Apr 19-0ct 31
Station Inches cm
Donnellson 21.6 54.9
Marshalltown 21.5 54.1
Shenandoah 21.1 53.8
Beaconsfield 21.1 53.6
Elkader 21.0 53.3
Kanawha 21.0 53.3
Knoxville 21.0 53.3
Cedar Rapids 20.8 52.8
Denison 20.8 52.8
Ames 20.7 52.6
Castana 20.3 51.6
Sutherland 20.3 51.6
LeMars 20.2 51.3
Doon 19.7 50.0
surface moisture from more rainfall. When the évapo­
transpiration component is first considered in early 
June, there is little difference across the state until 
early July when greater stress exists in western Iowa 
than in eastern Iowa, resulting in reduced évapo­
transpiration in western Iowa. The maximum average 
value in the state occurs at several stations in mid-July 
and is 0.20 inch per day. By early September, there 
again is little gradient existing across the state, and by 
mid-September, évapotranspiration averages less than 
0.10 inch per day. Figures 15-20 show the small gra­
dients that exist across the state during the growing 
season, as reflected by all stations.
Figure 13. Total actual évap­
otranspiration (Apr. 19-Oct. 
31) in inches (cm in parenth­
èses).
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Table 5. D a i ly  average a c tu a l  é v a p o tra n sp ira t io n  for  13 Iowa s t a t i o n s .  Values g iven  are the  d a i l y  average for  
each week fo r  the per iod  o f  s o i l  m oisture  record ,  g e n e r a l ly  1954-79
S T AT I ON
Period Doon LeM. Suth. Kan. Elk. Cast. Den. Ames Marsh. C.R. Shen . Beac. Knox. Donn. Av. '
Apr 19-25 .08 .08 .08 .08 .10 .08 .09 .09 .09 .10 .09 .10 .10 .10 .09
Apr 26-May 2 .08 .07 .08 .09 .10 .08 .09 .09 .09 .10 .08 .09 .09 .10 .09
May 3-9 .07 .06 .07 .08 .08 .07 .08 .08 .08 .08 .08 .10 .09 .09 .08
May 10-16 .07 .07 .07 .08 .09 .07 .08 .08 .09 .09 .09 .08 .09 .09 .08
May 17-23 .07 .08 .07 .09 .09 .07 .08 .08 .09 .09 .09 .08 .08 .08 .08
May 24-30 .08 .08 .08 .09 .09 .08 .08 .08 .09 .08 .09 .08 .08 .08 .08
May 31-Jun 6 .10 .10 .10 .10 .09 .10 .10 .10 .10 .09 .09 .09 .10 .09 .10
Jun 7-13 .11 .11 .11 .11 .11 .11 .11 .11 .11 .10 .11 .11 .11 .11 .11
Jun 14-20 .12 .13 .13 .12 .11 .12 .13 .12 .12 .11 .11 .12 .12 .13 .12
Jun 21-27 .14 .15 .15 .15 .14 .14 .15 .15 .15 .14 .14 .14 ' .14 .14 .14
Jun 28 -J u l  4 .17 .18 .19 .18 .16 .18 .18 .17 .17 .16 .17 .17 .16 .17 .17
J u l  5-11 .18 .19 .19 .18 .18 .19 .18 .18 .19 .18 .18 .19 .18 .19 .19
Jul 12-18 .18 .19 .19 .20 .18 .18 .19 .19 .20 .19 .20 .19 .19 .19 .19
Ju l  19-25 .16 .18 .17 .19 .19 .18 .19 .18 .20 .19 .19 .18 .19 .19 .19
Ju l  26 -Aug 1 .16 .16 .15 .17 .18 .16 .17 .17 .18 .18 .18 .16 .18 .18 .17
Aug 2-8 ,1 4 .15 )i .15 .17 .17 .16 .16 .16 .17 .16 .17 .16 .17 .17 .17
Aug 9-15 .14 .15 .15 .15 .16 .14 .15 .15 .16 .16 .16 .16 .16 .17 .16
Aug 16-22 .13 .13 .13 .13 .14 .13 .13 .13 .14 .14 .14 .14 .14 .15 .14
Aug 23-29 .12 .11 .12 .12 .13 .12 .12 .12 .13 .13 .13 .14 .12 .13 .13
Aug 30-Sep 5 .10 .10 .10 .11 .11 .10 .11 .11 .11 .11 .11 .11 .11 .10 .11
Sep 6-12 .09 .09 .09 .08 .09 .09 .09 .09 .09 .09 .09 .09 .09 .10 .09
Sep 13-19 .06 .06 .06 .06 .06 .05 .05 .05 .06 .06 .05 .06 .06 .06 .06
Sep 20-26 .05 .06 .05 .05 .06 .05 .05 .06 .05 .05 .05 .05 .05 .05 .05
Sep 27-Oct 3 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05
Oct 4 -10 .05 .05 .05 .05 .05 .05 .05 .05 .05 .04 .05 .05 .05 .05 .05
Oct 11-17 .04 .04 .04 .04 .05 .05 .04 .05 .04 .04 .05 .05 .04 .05 .04
Oct 18-24 .04 .04 .04 .04 .04 .04 .04 .04 .04 .03 .04 .04 .04 .04 .04
Oct 25-31 .03 .03 .03 .03 .03 .04 .03 .03 .03 .03 .03 .03 .03 .04 .03
Average o f  9 s t a t i o n s  used in  Figure 4 ,  one s t a t i o n  per crop r ep o rt in g  d i s t r i c t
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Figure 14. Av. d a ily  actual 
évapotranspiration for three 
selected stations.
14
.08(2.0)
.10(2.5)
Figure 15. Av. d a ily  actua l 
évapotranspiration for Apr. 
19-25 in inches per day (m m  
per day in parenthèses).
.10(2.5)
Figure 17. Av. da ily  actua l 
évapotranspiration for June  
14-20 in inches per day (m m  
per day in parenthèses).
.13(3.3)
15
.18(4.6) .19(4.8)
.20(5.1) .20(5.1) .19(4.8)
Figure 18. Av. da ily  actual 
évapotranspiration fo r July  
12-18 in inches per day (mm  
per day in parenthèses).
F igure 19. Av. d a ily  actua l 
évapotranspiration for Aug. 
9-15 in inches per day (mm  
per day in parenthèses).
.14(3.6) .15(3.8) .16(4.1)
Figure 20. Av. da ily  actual 
évapotranspiration for Sep. 
13-19 in inches per day (mm  
per day in parenthèses).
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Table 6. Adjustments, in inches, required to convert mean daily 
actual évapotranspiration values to selected quantiles. 
The quantiles selected were those for which the probabil­
ity was 10, 25, 75,and 90% that the daily actual évapo­
transpiration was equal to, or lower than, the computed 
value.
PERCENTAGE PROBABILITY
Period 10% 25% 75% 90%
Apr 10-25 -.05 -.02 +.01 +.01
Apr 26-May 2 -.05 -.02 +.01 +.01
May 3-9 -.05 -.02 + .01 +.02
May 10-16 -.05 -.02 + .01 + .02
May 17-23 -.05 -.03 + .01 +.01
May 24-30 -.05 -.03 +.01 +.01
May 31-Jun 6 -.05 -.03 +.01 +.05
Jun 7-13 -.06 -.03 +.02 +.06
Jun 14-20 -.06 -.03 +.03 +.07
Jun 21-27 -.07 -.03 +.03 +.06
Jun 28-Jul 4 -.07 -.03 +.04 +.08
Jul 5-11 -.08 -.04 +.04 +.08
Jul 12-18 -.09 -.04 +.05 +.09
Jul 19-25 -.10 -.04 +.05 +.09
Jul 26-Aug 1 -.09 -.04 +.05 +.07
Aug 2-8 -.08 -.04 +.05 +.08
Aug 9-15 -.07 -.04 + .04 +.08
Aug 16-22 -.07 -.03 +.04 +.07
Aug 23-29 -.06 -.03 +. 04 +.07
Aug 30-Sep 5 -.06 -.03 +.04 +.07
Sep 6-12 -.06 -.03 +.03 +.06
Sep 13-19 -.05 -.03 +.02 +.05
Sep 20-26 -.04 -.03 +.02 +.04
Sep 26-0ct 3 -.04 -.02 +.02 +. 04
Oct 4-10 -.04 -.02 +.02 +. 04
Oct 11-17 -.03 -.02 +. 02 +.04
Oct 18-24 -.03 -.02 +.01 +.04
Oct 25-31 -.02 -.02 +.01 +.03
Example: The av. actual daily evapotranspiration , July 12-18 > at
Castana is 0.18 inche (Table 5). 10% of the time the
evapotranspiration will be 0.09 inch, or less (0.18-0.01):
25% of the time 0.!14 inch, or less (0. 18-0.04); 75% of
the time 0.23 inch , or less (0.18+0.05); and 90% of the
time 0.27 inch, or less (0.18+0.09)
The adjustments that can be made to the mean 
values to obtain the 10, 25, 75, and 90% quantiles are 
given in Table 6. Average values for each week for all 
stations are shown. For the July-August period, there 
again was the tendency for slightly higher values in the 
west and lower values in the east, but the pattern was 
not consistent.
Statewide Water Balance
Although mean values for the state are obtained by 
averaging over a range of meteorological conditions, 
such values often are used. The nine stations used
previously were used again to obtain a "state” estimate 
of the water balance from the soil-moisture sites. The 
average values for each factor are given in Table 7.
Water is gained from precipitation, which averages 
24.1 inches at the nine sites and ranges from 21.5 
inches at Sutherland to 26.1 inches at Shenandoah. The 
average monthly values of precipitation for each of the 
nine locations are summarized in Table 8.
Actual evapotranspiration was discussed earlier. 
Differences across the state were relatively small, rang­
ing from 20.3 inches at Sutherland to 21.6 inches at 
Donnellson for the period April 19-Oct. 31. In this sec­
tion, so as to use a period coinciding with soil-moisture 
sampling dates, the period from April 15-Oct. 31 is 
used, and the comparable values for that period are 
20.6 and 22.0 inches, with the nine stations averaging 
21.3 inches. The monthly values for each of the nine 
sites are given in Table 9.
In the soil-moisture program, percolation values are 
estimated for each rain. The program assumes that 
each increment of soil will fill to field capacity and that, 
when all increments are at that value, any amount of 
water remaining will percolate out of the 5-foot profile. 
This could be considered as "instant drainage.” These 
values must be used with caution inasmuch as it is very 
difficult to get an accurate measurement of soil mois­
ture when there is free water in the profile. Whatever 
value is measured in the spring is used as the starting 
point, and the fall-measured value is used as the end 
point. The values obtained from the program for the 
nine stations are summarized in Table 10. Average 
percolation values for the season ranged from 0.31 inch 
at Sutherland to 5.41 inches at Cedar Rapids. The 
average for the nine locations was 2.2 inches.
The soil-moisture program also estimates the runoff 
from each rain (Shaw. 1963). In using these values, the 
reader should recognize the conditions used to locate 
the soil moisture sites—the sites have little or no slope 
and are located so that surface water will drain away 
from the area. The values given would be typical for 
those kinds of locations only. The values obtained for 
the different periods for each station are given in Table
Table 7. The water balance averaged for 9 selected soil-moisture sites for the period 1954-79
P E R I 0 D
Factor April 15-30 May June July Aug Sep Oct April 15-0ct 31
GAIN
Normal precip. 1.63 4.20 5.07 3.87 3.56 3.41 2.32 24.06
LOSSES
Av. AET 1.45 2.60 3.68 5,67 4.49 2.15 1.30 21.34
Av. Runoff 0.16 0.35 0.49 0.52 0.45 0.21 0.10 2.28
Av. Pere. 0.38 0.56 0.64 0.22 0.02 0.15 0.21 2.18
Total Losses 1.99 3.51 4.81 6.41 4.96 2.51 1.61 25.80
Net Gain or Loss -0.36 +0.69 +0.26 -2.54 -1.40 +0.90 +0.71 -1.74
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Table 8. Precipitation values for 9 selected stations (Normals for period 1941-70)
S T A T I 0 N
Period Suth.1 Kan.2 Elk. Cast. Marsh. C.R. Shen. Knox. Donn. Av»
Apr 15-30 1.32 1.52 1.65 1.50 1.70 1.88 1.57 1.76 1.81 1.63
May 3.93 4.37 4.27 4.06 4.56 4.23 4.37 4.15 3.88 4.20
June 4.62 5.24 4.91 5.15 5.02 5.51 5.70 4.82 4.65 5.07
July 3.24 4.13 4.34 3.47 3.81 3.96 4.08 3.60 4.19 3.87
Aug 3.35 3.19 3.34 3.43 3.65 3.35 4.20 3.69 3.78 3.56
Sep 3.13 3.21 3.50 2.66 3.33 3.99 3.52 3.25 4.14 3.41
Oct 1.89 1.82 2.41 2.01 2.19 2.59 2.69 2.25 3.01 2.32
21.48 23.48 24.42 22.28 24.26 25.51 26.13 23.52 25.46 24.06
used Primghar precipitation normals
2Used Britt precipitation normals
3Used Onawa precipitation normals
^Used Keosauqua precipitation normals
Table 9. Average actual évapotranspiration for 9 selected stations
S T A T I 0 N
Period Suth. Kan. Elk. Cast. Marsh. C.R. Shen. Knox. Donn. Av.
Apr 15-30 1.28 1.33 1.56 1.28 1.44 1.60 1.39 1.55 1.60 1.45
May 2.29 2.66 2.74 2.29 2.73 2.67 2.70 2.66 2.67 2.60
June 3.90 3.80 3.54 3.73 3.77 3.47 3.57 3.67 3.71 3.68
July 5.51 5.73 5.57 5.53 5.89 5.64 5.75 5.64 5.75 5.67
Aug 4.20 4.38 4.60 4.21 4.60 4.53 4.60 4.53 4.72 4.49
Sep 2.20 2.08 2.22 2.17 2.15 2.15 2.08 2.15 2.17 2.15
Oct 1.27 1.27 1.34 1.41 1.27 1.13 1.34 1.27 1.41. 1.30
TOTAL 20.65 21.25 21.57 20.62 21.85 21.19 21.43 21.47 22.03 21.34
Table 10. Average percolation values for 9 selected soil-moisture sites for the period 1954-79
Period
S T A T I O N
Suth. Kan. Elk. Cast. Marsh. C.R. Shen. Knox. Donn. Av .
Apr 15-30 0.16 0.70 0.26 0.02 0.22 1.91 0 0 0.15 0.38
May 0.07 0.36 0.62 0.46 0.74 1.04 0.45 0.82 0.41 0.56
June 0.08 0.56 0.39 0.65 0.83 1.09 0.60 0.86 0.66 0.64
July 0 0.22 0.22 0 0.37 0.51 0.24 0.17 0.26 0.22
Aug 0 0.02 0.07 0 0.04 0.01 0 0 0 0.02
Sep 0 0.36 0.09 0 0.22 0.47 0 0.18 0 0.15
Oct 0 0.16 0.49 0.03 0.23 0.37 0.05 0.22 0.38 0.21
TOTAL 0.31 2.38 2.14 1.16 2.65 5.43 1.34 2.25 1.86 2.18
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Table 11. Average runoff values for 9 selected soil-moisture sites for the period 1954--79
Period
S T A T I O N
Suth. Kan. Elk. Cast. Marsh. C.R. Shen. Knox. Donn. Av .
Apr 15-30 0.06 0.09 0.11 0.14 0.16 0.16 0.11 0.30 0.31 0.16
May 0.19 0.25 0.30 0.44 0.51 0.44 0.30 0.38 0.32 0.35
June 0.45 0.67 0.35 0.46 0.50 0.74 0.53 0.46 0.27 0.49
July 0.30 0.38 0.70 0.35 0.65 0.47 0.76 0.43 0.63 0.52
Aug 0.42 0.41 0.38 0.37 0.65 0.44 0.49 0.36 0.55 0.45
Sep 0.10 0.24 0.14 0.12 0.15 0.35 0.24 0.29 0.22 0.21
Oct 0.06 0.07 0.05 0.12 0.08 0.08 0.15 0.11 0.16 0.10
TOTAL 1.58 2.11 2.03 2.00 2.70 2.68 2.58 2.33 2.46 2.28
11. Average runoff values range from 1.6 inches at 
Sutherland to 2.7 inches in Marshalltown. The average 
for the nine locations was 2.3 inches.
The average water balance for the nine stations 
given in Table 7 shows the last half of April, July, and 
August with an average negative water balance. On 
the average, other months show net gains. Of the aver­
age 25.8 inches loss, the major fraction, 21.3 inches, is 
due to evapotranspiration. If desired, a water balance 
similar to that given in Table 7 could be constructed for 
each of the nine stations by using the data provided in 
tables 8, 9, 10, and 11.
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APPENDIX. Soil-Moisture Program
The soil-moisture program normally starts from a 
mid-April soil-moisture sample. Rainfall, minus com­
puted runoff, is added to the soil moisture allowing each 
6-inch increment of the soil to reach field capacity, 
starting with the top 6 inches. Moisture above field 
capacity percolates to the next lower increment, and 
the process is repeated until the entire 5-foot profile is 
at field capacity. All excess is then assumed to percolate 
out the bottom of the profile.
Early in the season all loss is assumed to be by 
evaporation from the top 6 inches of soil. The soil is 
assumed to be undergoing the usual field preparation 
for planting com. The program sets evaporation from 
the soil surface at a potential rate of 0.1 inch (0.25 cm) 
per day as long as any plant-available moisture is avail­
able in the top 6 inches of soil. When no plant-available 
moisture is present, evaporation is set at zero. This step 
of the program continues through J  une 6 for an average 
year, after which both soil evaporation and plant trans­
piration (évapotranspiration) are considered. The 
potential évapotranspiration is set as a varying percen­
tage of the pan evaporation for each day (see conversion 
curve in Figure 6) depending upon the stage of plant 
development. The average silking date is assumed to be 
July 31. The actual silking date for each site for each 
year is compared with the average date, and the pro­
gram adjusted to take this into account; i.e., if silking 
occurs July 25, the steps in the program will be adjusted 
to take place 6 days earlier than scheduled for an aver­
age year.
The program also considers the balance between 
the atmospheric demand and the soil-moisture supply 
in the rooting zone. Rooting depths were considered to 
be as follows: to June 14,1 ft; to June 27,2 ft; to July 4, 
2y2ft; to July 11,3 ft; to July 18,3V2ft; to July 25,4 ft; to 
Aug. 1, 4x/2 ft; and after Aug. 1, 5 ft. Three curves were 
used by Shaw (1963) to represent different types of
Figure A -1. Relative évapotranspiration rates for different 
atmospheric dem and rates before Aug. 1.
demand days. The curves used in the current program 
for dates before Aug. 1 are shown in Figure A-1. The 
pan evaporation rate determines the curve to be used 
for each day. With pan evaporation greater than 0.30 
inch the high demand curve is used, with evaporation of 
0.20 to 0.30 inch the average curve is used, and with 
evaporation less than 0.20 inch the low demand curve is 
used. For each day, the percentage of available mois­
ture in the root zone is calculated and the relative ET 
rate determined from the proper curve in the figure. 
For example, with 40% available moisture in the root 
zone and a high demand day, actual ET would be 82% of 
the potential ET. For an average demand day, it would 
be 93%, and for a low demand day, 100% of potential. 
After Aug. 1, when the roots were assumed to have 
reached their maximum depth, the curves in Figure 
A-2 are used to get the actual ET.
Another factor had to be considered for days when 
the transpiration loss, as determined from figures A-1 
and A-2, was reduced because of moisture stress. If 
recent rains had added water to the top 6 inches of soil, 
some additional surface evaporation could takle place. A 
maximum of 0.1 inch per day was assumed. For exam­
ple, on a day when the potential rate was determined as 
0.25 inch, loss was calculated as 0.14 inch by using 
figures A-1 or A-2. If water was available in the top 6 
inches, an additional 0.10 inch of evaporation could 
occur, making the loss 0.24 inch (0.14 + 0.10). The total 
lost cannot exceed the calculated potential rate. If the 
computed ET had been 0.20 inch for this day, only an 
additional 0.05 inch could be lost by evaporation.
Transpiration was assumed to cease Oct. 1. After 
that date, the evaporation loss from the top 6 inches of 
soil was assumed to be 0.35 times pan evaporation.
More complete details of the procedure are given in 
Shaw (1963).
% Available Soil Moisture
Figure A-2. Relative évapotranspiration rates for different 
atm ospheric dem and rates for Aug. 1 or later.
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